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Deforestation reaching oceans:
Nutrient regimes drive uneven responses on sea urchin
consumption on different macrophytes systems.













Keywords from the 1st search
Keywords from the 2nd 
search: foscus on sea urchin.
Exclusion criteria:
a) Studies testing temperature à lack
of time.
b)Two-choice experiments à avoid










Table 1. Summary of the publications included in the meta-analysis that
tested sea urchin feeding behavior in macrophyte systems under different
nutrient regimes. Some of the studies included more than one experiment.
“Admission requirements”
1. Primary producer consumed (mean ± SE).
2. Nutrient levels (mean ± SE) à mainly Nitrogen.
3. Nº of replicates.
4. Density of sea urchins.
5. Other experimental manipulations à pH, temperature, etc.
6. Not bare substrate as starting condition.









Xe à mean consumption
under enhanced nutrients.
Xc à mean consumption
under natural conditions.
Calculated for each study, as
weel as the variance of LRR.
Statistical analysis (meta-
analisys): tests between the
effect size (LRR) and 
variables recorded.
Using “metafor-package” and 
“Lme4” in R.
=
Some tests between the
effect size and categorical
variables such as region, 
the herbivore species, the
season at the end of the
experiemnt, etc, were
impossible to conduct
because of time 
restrictions.
Figure 3.Global distribution of the 9 studies that evaluated sea
urchin herbivory rates under different nutrient regimes. Blue dots
indicating their specific location..
Figure 4. Overall (total macrophytes) and specific effect size for each
macrophyte type (seagrasses and seaweeds) indicated by the black diamond.
Figure 5. Non-significant correlation between the effect
size (LRR) and the percentage of change in nitrogen
(N.change) levels in the experiments.
N. change (%)
Figure 6. Effect of the presence (with epiphytes) or absence (without epiphytes)





v9 publications that totally fit our
criterion.
vMostly in the North
hemisphere, in temperate
regions (two exceptions in
suptropical zones).
v Increased nutrients have a positive
effect on sea urchin feeding behavior.
v Seagrasses with higher values of effect
size in general than seaweeds.
v No significant correlation (p.value
>0.05) but an increment around 40%
in the N.change between control and
treatment is observed.
v ∼98% of heterogeneity observed (see
Suplementary Material) àlimited number
of studies, differences in sample
procedures, etc.
v Removing epiphytes from seagrass
leaves have an effect on sea urchin




































The removal of key predator species by
overfishing is allowing urchin populations to
spread easily, resulting in trophic cascade in
benthic communities causing reductions in
canopy-forming species and promoting the
creation of unproductive barrens.
Classic example of trophic
cascade








“The strength of producer-consumer
interactions depends on the environmental
conditions (EC)”
Figure 1. Cases of overgrazing in macrophyte
systems already reported.
Figure 2. Exemples of Mediterranean seaweed communities before
(A), after (B) and while (C) an overgrazing event by sea urchins
outbreaks and subsequent barren formation.














































5 Tomas et al. 2015 Global Change 
Biology.







6 Ruiz et al. 2009 Botanica 
Marina.


















































































But the effect is


















v Overall effect non-
significant.
v 10 experiments of 
seagrasses vs. 3 
experiments of 
seaweeds.





Control nutrient regime Enhanced nutrient regime
1. Seagrasses seems to be more affected than
seaweeds by changes in nutrient regimes.
2. The same system may be differentialy resilient to
herbivory depending on the inherent conditions of
the environment.
3. How nutrients are affecting herbivory rates
globally still understudied for the main marine
benthic ecosystems.
4. Extremely relevant in the future global change
scenario, with increasing nutrient coastal
flooding, higher temperatures, etc.
5. Temperate seas will suffer strong events of
stratification, hipoxia and poor nutrient zones.
This could expose these macrophyte systems that
are more vulnerable in this situation.
6. Reduce uncertainty in ecosystem change
predictions, focusing on the interacting roles of
environmental regimes instead of their isolated
effects. Study these mechanisms away from the
temperate zone for better ecosystem management.
Some conclusions
Those with epiphytes are consumed
at higher rates due to their higher
nutritional value. In fact, 90% of the
nitrogen assimilated by sea urchins is
supplied by epiphytes.
Those without epiphytes become
more nutritive but there is a need of
consuming at higher rates to
compensate poor nutritional quality
compered to those with epiphytes,
with the opposite situation.
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All the figures are made by
Anaïs Barrera Montoro, except
Figure 1 and 2 (Boada Garcia,
2016).
